INTRODUCTION
============

Upper urinary tract urothelial carcinoma (UTUC) is an uncommon cancer that comprises about 5% of all urological malignancies with an incidence of 0.7/100000 person-years in the United States.[@B1],[@B2] Although relatively rare, the incidence of UTUC seems to be increasing gradually.[@B3],[@B4] UTUC cells can spread via the urine and seed in underlying urothelium of the entire urinary tract.[@B5] Because of these unique features, patients who undergo simple nephrectomy for UTUC have a high recurrence rate of 33-70% in the remaining ureteral stump.[@B6] Radical nephroureterectomy (RNU) with bladder cuff excision (BCE), including the intramural portion and the orifice of the ipsilateral ureter, is the current standard surgical approach for UTUC.[@B7]

However, urologists have raised the question of whether they should always perform BCE during RNU since the introduction of minimal invasive surgery.[@B8] Oncological outcome is a considerable issue for patients who undergo RNU with or without BCE. Many studies have shown poor oncological outcomes without BCE, whereas some studies have reported comparable outcomes between the two surgical approaches.[@B9],[@B10],[@B11] In addition, the technical challenge should also be considered when performing RNU with BCE. For example, the surgical field may be limited in obese patients whose distal ureter is deeply located in the pelvic cavity or in patients with a history of abdominal surgery whose ureter is surrounded by adhesion tissue.[@B12]

Although many studies have provided valuable UTUC data, the detailed clinical features of recurred tumors after RNU without BCE are still unclear, including the natural course and pathological and oncological outcomes after tumor recurrence. We investigated the clinical outcomes between patients with UTUC who underwent RNU with or without BCE. We also provide pathological and oncological outcomes following salvage distal ureterectomy for recurred tumors at the retained ureteral stump. Our results offer evidence to improve the current knowledge of UTUC and its natural course.

MATERIALS AND METHODS
=====================

Study cohort
------------

We retrospectively collected data of 372 consecutive patients who underwent RNU for UTUC at Seoul National University Hospital (SNUH) from May 1989 through October 2010. To avoid confounding effects on oncological outcomes, we excluded 36 patients for the following reasons: incomplete tumor resection (n=4), distant metastasis at the time of RNU (n=5), no transitional cell carcinoma in the pathological findings (n=6), and lack of data (n=21). Incomplete tumor resection is defined as the unanticipated surgical consequence if the surgeons cannot completely remove the visible cancer tissues due to severe adhesion of tumors to the adjacent organs. We finally evaluated the medical records of 336 patients diagnosed with UTUC who underwent RNU with or without BCE. We did not perform BCE during RNU in 57 patients due to several reasons as follows: patients were diagnosed with renal cell carcinoma in the renal pelvis or renal parenchyma by preoperative CT or MRI and thus, they were performed radical nephrectomy and dissection of the ipsilateral ureter without BCE. Patients had aggressive tumors in the involved ureters, and the distal parts of tumors were very adhesive to adjacent organs in these cases. Although surgeons completely dissected the diseased portion of ureters harboring tumors, they failed to approach the end of the ipsilateral ureters near the bladder due to technical challenge. In one case, ipsilateral distal ureter was snapped during dissection for BCE around the outer bladder wall. These 57 patients who underwent RNU without BCE were included in subsequent analyses. The Institutional Review Board (IRB) of SNUH approved this study. Because this study was performed retrospectively, the IRB waived written informed consent from the enrolled patients.

Study design
------------

We reviewed the following clinical and pathological data: age at RNU, gender, tumor recurrence, follow-up duration, tumor location, multifocality, and pathological findings, including pathological T stage, tumor grade, lymphovascular invasion (LVI), lymph node status, and surgical margin (SM) positivity. Surgical margin positivity, described in a pathology report, defines the visible cancer cells at the end of the resected surgical specimen under a microscopic measurement of histologic section. Pathological T stage was assessed according to the 7th edition of the American Joint Committee on Cancer staging system. Tumor grading was determined by the 1998 World Health Organization/International Society of Urologic Pathologists (WHO/ISUP) classification.

RNU was routinely performed using a double open access procedure with BCE. Radical nephrectomy and dissection of the ipsilateral ureter were performed for RNU without BCE. All surgical specimens after RNU were fixed in 10% neutral buffered formalin and embedded in a paraffin block. After sectioning at 4 mm thickness using a standard processing protocol, tissue slides were stained with hematoxylin and eosin for pathological examination. Well-experienced uro-pathologists in our hospital examined all specimens with a standard reporting protocol. After RNU for UTUC, the modality of oncological follow-up included a cystoscopy and abdominal-pelvic computed tomography with chest X-ray every 3 months during the first year and at 6-12 months thereafter.

Statistical analysis
--------------------

Patient data are presented as means with standard deviations or percentages. We used the χ^2^ test for categorical variables and the Student\'s t-test for continuous variables when comparing the two groups. Oncological outcomes were represented by recurrence-free survival (RFS), cancer-specific survival (CSS), and overall survival (OS). Survival was determined between the time of surgery and the last follow-up or death. We used the Kaplan-Meier analysis to predict the survival curve and applied the log-rank test to determine statistical significance between each survival curve.

Univariate and multivariate Cox proportional hazards regression models were used to determine significant predictors of RFS, CSS, and OS in addition to tumor recurrence at the remnant ureter. The assessed variables were gender, age, tumor location, multifocality, pathological T stage, tumor grade, LVI, lymph node status, and SM positivity. Null hypotheses of no difference were rejected if *p*-values \<0.05 (two sided), or if the 95% confidence intervals (CIs) of the risk point estimates excluded 1. We carried out all statistical analyses using IBM SPSS Statistics 19.0 (SPSS Inc., an IBM Company, Chicago, IL, USA).

RESULTS
=======

The study population consisted of 336 patients with UTUC who underwent RNU with (group 1; 83.0%, 279/336) and without BCE (group 2; 17.0%, 57/336). The baseline characteristics of the patients and the pathological stage distribution were similar between the two groups ([Table 1](#T1){ref-type="table"}). Tumor grade distribution pattern was not significantly different between the two groups; ≤low grade (37.6% vs. 31.8%) and high grade (62.4% vs. 68.4%) (*p*=0.387). Group 2 tended to show higher SM positivity (7.0%) than that of group 1 (3.9%) (*p*=0.238). [Fig. 1](#F1){ref-type="fig"} presents the Kaplan-Meier estimates for OS and CSS. The log-rank analysis revealed that group 2 showed poorer OS and CSS rates than those of group 1 (*p*\<0.001). In the 5-year CSS- and OS-rates, group 1 showed 75.8% and 71.5%, while group 2 showed 63.9% and 57.0%, respectively.

We used a univariate Cox regression model to examine significant factors predicting oncological outcomes. No significant predictors were identified for RFS. However, we found that pathological T stage, tumor grade, LVI, lymph node status, and SM positivity were significant factors predicting CSS and further identified age, pathological T stage, tumor grade, LVI, lymph node status, and SM positivity as significant predictors of OS ([Supplementary Table 1](#S1){ref-type="supplementary-material"}, only online). After adjusting for these variables in a multivariate analysis, we confirmed that pathological T stage \[hazard ratio (HR) 5.727, 95% CI 2.082-15.752, *p*=0.001\] and LVI (HR 3.650, 95% CI 1.468-9.072, *p*=0.005) were significant predictors of CSS, whereas age (HR 1.042, 95% CI 1.001-1.085, *p*=0.042), pathological T stage (HR 5.110, 95% CI 2.181-11.975, *p*\<0.001), and SM positivity (HR 6.501, 95% CI 1.778-23.776, *p*=0.005) were significantly associated with OS ([Supplementary Table 2](#S2){ref-type="supplementary-material"}, only online).

Of 57 patients who underwent RNU without BCE, tumor recurrence occurred in 35 (61.4%) after surgery. The recurrence sites varied as follows: remnant ureter (n=14, 40.0%), bladder (n=10, 28.6%), lymph nodes (n=3, 8.6%), multiple liver and lung (n=3, 8.6%), ureteroileal anastomotic site (n=1), duodenum (n=1), and vertebra (n=1). As shown in [Fig. 2](#F2){ref-type="fig"}, different recurrence sites resulted in different CSS (log-rank, *p*\<0.001). Notably, local recurrence at the remnant ureter resulted in a poorer CSS than that of bladder recurrence, whereas it showed a better CSS than other sites such as lymph nodes and distant metastasis.

We further evaluated the clinical characteristics of tumor recurrence at the remnant ureter. Of 14 patients, seven underwent salvage ureterectomy ([Table 2](#T2){ref-type="table"}). Four patients were treated with adjuvant chemotherapy, whereas six were not due to various reasons. Additionally, we provide the detailed information of patients who underwent salvage ureterectomy due to recurrence at the remnant ureter ([Table 3](#T3){ref-type="table"}). Five patients were male and two patients were female. Age at RNU was 39-74 years, and time to recurrence was 4-27 months. Of note, initial UTUC pathological stages seemed to be similar with those of recurred tumors; ≤pT1 (n=3), pT2 (n=1), and pT3 (n=3) in initial pathology, while ≤pT1 (n=3), pT2 (n=2), and pT3 (n=2) in the pathology of salvage ureterectomy. No significant predictors were identified for tumor recurrence at the remnant ureter in a univariate Cox regression model (not shown).

DISCUSSION
==========

Although disease progression and tumor recurrence rate are high in patients with UTUC,[@B13] clinical evidence to address these problems is lacking due to the rarity of the disease. Previous studies primarily focused on the oncological outcomes between surgical approaches, such as laparoscopic vs. open RNU, segmental ureterectomy vs. RNU, and BCE vs. non-BCE during RNU.[@B14],[@B15],[@B16] Few studies have provided the clinical characteristics, oncological outcomes, and tumor recurrence rates in patients without BCE. Here, we showed data comparing baseline characteristics and oncological outcomes between patients who underwent RNU with and without BCE using homogeneous population in a single tertiary center over the last 20 years. Furthermore, we provide clinical information and oncological outcomes of patients who experienced tumor recurrence after RNU without BCE.

RNU is considered the standard surgical treatment for clinically localized UTUC.[@B7] In the selected indications for UTUC, such as single and low-stage tumor or a solitary kidney, segmental ureterectomy can be suggested without radical resection of the entire urinary tract.[@B7] However, this conservative approach results in high tumor recurrence of 70-90% in the remaining ureter or bladder.[@B17] Incomplete nephroureterectomy also leads to high rates of tumor recurrence in the residual ureteral stump of 30-60%.[@B8] Therefore, European Association of Urology (EAU) guidelines recommend that BCE should be carried out at the time of RNU to improve clinical and oncological outcomes.[@B7] In the present study, 61.4% (35/57) of patients without BCE experienced tumor recurrence after RNU. Patients who did not undergo BCE had poorer OS and CSS rates without differences in baseline characteristics than patients who received BCE. Similarly, Lughezzani, et al.[@B10] showed that cancer-specific mortality increased in locally advanced patients without performing BCE after examining 4210 patients with UTUC who underwent RNU with (59.2%) or without (40.8%) BCE. Hou, et al.[@B12] reported that patients with UTUC who underwent incomplete BCE were at a higher risk for tumor recurrence than patients with complete BCE. Thus, we believe that complete resection of the bladder cuff improves oncological outcomes and minimizes the risk of tumor recurrence after RNU.

Abel, et al.[@B18] recently reported data of 12 patients with UTUC who underwent delayed ureterectomy due to remnant ureteral recurrence after RNU. At the time of RNU, eight patients had organ-confined diseases, whereas four were diagnosed with non-organ confined diseases. After subsequent surgery for a recurred tumor at the remnant ureter, the pathological T stage did not upgrade compared to the initial pathology. In addition, no patient with initial tumor grade 2 died of UTUC regardless of the pathological findings at the time of delayed ureterectomy. In the present study, most patients among 14 patients who experienced tumor recurrence at the retained ureteral stump had advanced pathological stages (pT3 in 10, pT2 in two and pTa/1 in five). Of seven patients treated with salvage ureterectomy, patients with initial superficial tumors (pTa and pT1) have been alive regardless of pathological findings at the time of ureterectomy. Interestingly, three patients decreased their pathological T stage, whereas three other patients increased compared to the initial pathology. Due to the limited data of the recurred UTUC at the remnant ureter after surgery, our present study on the pathologic findings of recurred and primary tumors provides valuable information to understand the characteristics of recurred UTUC.

Pathological T stage is a key predictor for classifying the prognosis of patients with UTUC treated with RNU.[@B19],[@B20] Other potential prognostic factors are lymph node status, multifocality, LVI, carcinoma *in situ*, and tumor size.[@B21],[@B22],[@B23] Espiritu, et al.[@B23] identified tumor size (≥3 cm), pathological T stage (\>pT2), and male gender as significant predictors of RFS in patients with UTUC after RNU, and Margulis, et al.[@B24] reported that pathological T stage, tumor grade, lymph node status, and LVI are significant prognostic factors associated with oncological outcomes of UTUC. In our study, the multivariate analysis showed that only advanced pathological T stage (pT ≥3) was a significant predictor of OS (HR 5.110) and CSS (HR 5.727) in patients without BCE. Taken together, if patients who underwent RNU without BCE have non-organ confined UTUC, urologists should consider adjuvant systemic chemotherapy for these patients to improve their prognosis.

There are several limitations in this study. First, because the study was conducted retrospectively, the data may have been incomplete and inconsistent. Second, selection bias cannot be excluded because our institution is a tertiary referral center, and thus patients who had more aggressive tumors might be included in the study population. In fact, about 40% of patients in this study were non-organ confined state (pT ≥3), and higher proportion of non-organ confined tumors may influence the higher recurrence rate of UTUC after surgery. Third, four different surgeons performed RNU with or without BCE in our tertiary institution during the study period. Thus, the surgical technique and the therapeutic and follow-up strategies for UTUC may have been different. Finally, our study cohort was composed of a relatively small population in a single institution. In order to provide more convincing evidence, additional populations of other academic hospitals or community-based centers would be required. Nevertheless, our results offer valuable information to expand currently available knowledge on the natural course of UTUC, particularly in patients who underwent RNU without BCE.

In sum, UTUC patients who underwent RNU without BCE have a poorer CSS and OS than those with BCE. They suffered from tumor recurrence at the remnant ureter and other sites, and required salvage ureterectomy or salvage chemotherapy. Although no significant factors were identified that predicted tumor recurrence, pathological T stage was a significant predictor of CSS and OS. Therefore, if patients who undergo RNU without BCE have non-organ confined UTUC, clinicians should consider adjuvant systemic chemotherapy with careful follow-up.
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![The Kaplan-Meier analysis for (A) OS and (B) CSS after RNU with or without BCE for treating UTUC. The log-rank test was used to determine significant differences between the two groups. RNU, radical nephroureterectomy; BCE, bladder cuff excision; UTUC, upper tract urothelial carcinoma; OS, overall survival; CSS, cancer-specific survival.](ymj-56-375-g001){#F1}

![The Kaplan-Meier analysis for CSS in patents who experienced tumor recurrence after RNU without BCE for treating UTUC. Four groups of patients are compared in the graph; non-recurrence, remnant ureter, bladder, and other sites. The log-rank test was used to determine significant differences between the two groups. CSS, cancer-specific survival; RNU, radical nephroureterectomy; BCE, bladder cuff excision; UTUC, upper tract urothelial carcinoma.](ymj-56-375-g002){#F2}

###### 

Patient Characteristics
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BCE, bladder cuff excision; SD, standard deviation; f/u, follow-up; LVI, lymphovascular invasion; CIS, carcinoma *in situ*.

###### 

Outcome of Patients Who Experienced Recurrence at the Remnant Ureter
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RNU, radical nephroureterectomy; Neg, negative; Pos, positive.

###### 

Characteristics of Patients Who Underwent Ureterectomy due to Recurrence at the Remnant Ureter
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RNU, radical nephroureterectomy
